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federal  govemmant  departments. 

The  contents  of  this  material  in  no  way  represent  the 
policies,  views  or  attitudei  of  the  U.  S«  Government 
or  of  the  parties  to  any  distribution  arrangement. 
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Hydrostatic  (laoatatio)  praoslng  of  powdara  /\7  baa  ao 
far  bean  uaad  only  up  to  praaaiOraa  of  10>12  kg/aa^,  whloh  giaaa 
no  propar  baaia  for  formulating  the  laws  govamlng  tha  babavlor 
of  powdara  in  raspoosa  to  auoh  praaalng* 

We  hava  uaad  prassuraa  of  10«60  kg/aa^  with  powdara  of 
axaetrolytic  copper  (pourad  daaslty  1.82  g/oa^,  taapad  danaity 
2*86  g/oa^),  aortax  iron  (1*72  and  2.56  g/eaS),  alaetrolytie 
nlekal  (2*5?  and  3*70  g/oa<^)i  and  reduced  aolybdanua  (taapad 
danaity  3*22  g/oa3).  Tha  particle  aixea  were  laaa  than  10  p, 
except  for  the  Iron  (particles  <  90  p}*  Tha  powdara  were 
praasad  Into  rods  within  elastic  sheaths  (Initial  diameter 
11  ma,  length  65  mm;  linear  dlmenclons  reduced  by  25-30%  by 
pressing) *  The  speciraana  for  use  in  determining  the  strength 
in  ooapression  were  cut  Into  cylinders  having  a  ratio  of 
h  to  diameter  D  of  about  0*7;  preliminary  teste  on  speolmana 
cut  In  various  orlsntatlons  from  large  pressings  showed  that 
the  strength  In  compression  was  the  same  In  aO.!  directions* 

The  pressure  was  appliad  parpendicular  to  the  ends  In  the  teats* 

Conventional  prasslng  In  steal  dies  was  usad  at  the  same 
prsseures  on  the  same  powdara  for  comparison*  Specimens  with 
h/D  V  0.7  were  used  to  measure  the  denaity  as  a  function  of 
prasBurs  for  both  msthods  of  pressing,  the  density  being 
mssaured  by  weighing  in  air  and  In  a  liquid* 
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Th«  OQnvttttloMlIy  I 
prtaatd  •paelaaua  wart  tMtad 
In  eoapraaaion  nlokf  tha 
praaalng  axia  (oyliadaM  15  ■■ 
in  diaaatar  hnaiag  k/D  0*7) 
and  at  right  aaglaa  ta  that 
axia  (raetangular  blaeka  af 
aida  a  parpandieular  to  tha 
praaaura  of  6  aa) • 

figura  1  ahowa  tha 
ralatira  danaity  0  aa  a  fuaa- 
tien  of  praaaura  p  for  both 
forda  of  praaaingt  hydro- 
atatio  praaaing  la  elaarly 
alwaya  tha  aora  affaatiira* 

Tha  raduetlon  in  tha  praaaura 
naadad  it  aapaoially  pro- 
nouncad  for  flna  and  hard 
aatariala  (aiehal  and  aalyb- 
danum{  hydroatatlo  praaauraa 
naad  ba  X-SOfi  laaa  to  giro 
tha  aaaa  danaity)*  tha  radaa- 
tion  baiag  aoaa  20-301i  for  flna  ooppar  poudar«  Tha  aaaIXaat 
affaet  ocoura  with  tha  eoaroa  iron  powdar  (raduetlon  of  only 
10-20%) . 


Fig*  1*  halation  of  0  to  p  for 
a)  hydroatatlo  praaaing  and  b) 
ordinary  praaaingt  1)  Cu;  2) 
Pat  5)  Kit  ^)  No. 


Tlgura  2  ahowa  log  0  in  relation  to  log  p  for  both  foi«a 
of  praaaingt  tha  relation  la  linear*  ao  /^i/  tha  ralatiaa  of  i 
to  p  aay  ba  put  aa 


(1) 


in  whlah  pi»‘ y  ia  tha  aaxiaua  praaaura  (that  giving  0  ■  1)  and  m 
ia  a  ooaataat*  That  ia*  the  raaiatanoa  to  daforaatioa  ia 
apaeifiad  by  p,,.,  and  a  (aaa  Pig.  2  for  valuaa  of  a)  *  whieh  apa 
larger  for  hydroatatlo  praaaing*  except  in  tha  oaaa  of  Mo* 

Table  1  givaa  p^^^  together  with  tha  hardnaaa  of  tha  aatalat 
tha  Pa«y  for  tha  aofter  aatala  (Cu  and  Fo)  are  alnoat  tha  aaaa 
for  both  aathoda*  but  thoae  for  tha  harder  aatala  are  laaa  whan 
hydroatatlo  praaaing  la  uaad  (by  for  K1  and  by  32%  for  Mo) * 

Table  2  givaa  ir(tha  atrangth  in  eoapraaaion)  for  Cu  (a 
typical  aoft  aatal)  and  Mo  (a  typical  hard  one).  Ordinary 
praaalnga  gives  oonsidarabla  aniaotropy  in  t  tha  ratio  of 
to  Oi  ia  particularly  large  at  low  praaauraa*  and  it  is  larger 
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Fip.  2.  rfelatiori  af  loj;  p  to  lop*  »(}  for  a)  hydro¬ 
static  ei  cl  0/  ordinary  prossingj  *!)  Cu;  2)  F*; 

3)  Ivi;  Moi  Bij  1a>  2»)  5.2C;  3*1)  5«5; 

da)  5.4;  H.)  4.45;  2b;  4.66;  3b)  4.h?;  Vo)  5.33. 


for  Ho  (hard)  than  for  Cu  (acft).  k  hydroti tatlvally  pressed 
ti.ater.tnl  hue  the  ogu-ts  strength  In  ail  directions,  ar.d  this  is 
roughly  equal  to  the  highest  strength  in  ordinary  preesing 

( for 
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Fe 

60 
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1SO 
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90 

U 

250 

171 

224  j 

Mo 

150 

It 

2?0 

244 

360  1 

than 
Mo)  , 


Cu)  or  rather  larger 
xt  (by  20-130%  for 


In  oz-dtnary  preet’- 
iiig,  the  pressure  p  ie 
reduced  by  an  amount  Ap 
as  a  result  of  friction 
at  the  walls  of  the  die 
/!/: 
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In  which  f  (m  0«3-0.4)  is  ths  Istsral  pressure  eseffioientf  h/O 
is  heref*0«7«  end  u  (the  doefflolent  of  friction)  is  0*15  to 
0.35|  then  &p/p  is  0.1  to  0.4  in  our  cssey  so  the  effeotivs 
pressure  is  10-40^  less  then  the  noainsl  pressure.  This  shows 
hydroststio  pressing  is  less  then  thst  for  ordinary 


Tsbls  2 

1  cr  for  ordo 

preseinm. 

Pressure* 

I 

Kg/uia^ 

ti 

1. 

10 

4.66 

0.74 

20 

9.53 

3.18 

40 

19*4 

10.1 

60 

22.4 

13.8 

10 

0.28 

20 

0.84 

40 

4.35 

m 

60 

1  12.2 

1.0 

«”,•  /<yL 


r  fo? 
hydro* t 


4.26 
6.24 
15.4 
22.9 

0.33 

-  -  1.94 

7.5 

1.0  12.2  l8.1 


pressing  (by  for  Fsy  by  32$i  for  Mo).  Table  1  shows  thst 
Pssx  4s  determined  aslnly  by  the  hardness  (internal  strength) 
of  the  partlclesy  being  between  the  hardness  values  for  the 
annealed  and  .'uaxlmally  work-hardened  states  in  most  eases. 

Only  in  the  cose  of  molybdenum  (the  hardest  metal)  is  Paax 
ordinary  pressing  substantially  greater  than  the  hardness  in 
the  maximally  work-hardened  state t  this  is  to  be  attributed  to 
frlotlonal  losses.  The  difference  between  the  p  for  a  given 
degree  of  compression  also  corresponds  with  the  and  a  for 

hydrcetatic  and  ordinary  preesing. 

Thare  are  two  explanatione  for  the  differences  bstwesn 
the  herd  end  soft  motels. 

1.  Ths  friotion  and  frlotlonal  losses  in  ths  dits  srs 
much  larger  for  the  hard  metals*  in  whloh  case  the  differences 
in  the  pnsx  P  would  be  larger  for  the  harder  metals.  This 
was  tested  by  reference  to  the  ejection  pressure  for  h/B  •  0«7 
for  these  powders  (ths  prsssurs  la  almost  squsl  to  the  pressure 

Lloss  at  the  wall).  In  every  oaee  the  ejeotlon  pressure  was  j 
pbout  401i  of  the  total  prsssurs  for  Mo,  41)6  for  Cu),  so  this  I 
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r  1 

'  pttssikiXitx  is  sliaiiuitsA*  ' 

2*  tsistups  of  tlio  psrtielM  of  tiio  softor  aotsls  iV 
a^poars  aoro  probsMLoi  for  this  grostly  isorossos  tl^o  sdhosloa 
bottiots  partielos  sad  boast  tbs  latoraal  frietioa  (t«s*t  tbs 
rosistaaes  to  dofomatioa) .  fbs  offset  is  ti^soially  praatnsat 
ia  tbs  bpdroatatis  prsaaiag  of  soft  astalst  for  it  ofMratos  ia 
all  dirsstioas  bsrst  lAsraas  ia  ordiaary  prsssiag  it  oyoratss 
ia  oas  dirsotioa  oaly*  IHait  iS|  differs  little  bstwssa 
byirsstatis  sad  oriiaary  prsssiag  for  soft  sotals  (tbs  absoass 
of  satsraal  friotisa  ia  balaaosd  by  tbs  bigbsr  iatsraal  fristioa) 
bat  diffsM  greatly  far  tbs  bard  Mtals. 

that  is*  bydrostatis  prsssiag  is  sspsoially  sffsstiss 
for  fsraiag  bard>astai  pssdsrs  to  high  dsasity  sad  strsagtb* 

laykos  Zaatitats  of  Mstallargy  Bsesirsd 

Aoadsay  of  toisaoss  of  tbs  USSB  12  July  19^0 

1*  ••a.  Borolc.  Ooll*t  fswisr  Mstallargy.  Tareslarl*  1996* 

p»  l67» 

2.  N*  fa.  Bal*abia.  asissos  of  Metal  Posdsrs.  Mosoos*  1966. 
5.  ▲.  P.  isasaov.  g^wirs  of  Metals.  Msssow*  1998* 
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A  RADIATION  METHOD  OF  PHEPAHING  FINELY  DIVIDED 
METALS  AND  OXiDBS 

G.  M.  ZhabrovAi  V>  M.  Kaddnatai«  T«  Si^  Azizov,  A,  A, 
Gorizyzvz,  P.  Ta.  Qlazanov,  ^r.d  A«  Ai  Geealov 


HMOflWf  lBtr«s1^A)c«d«ntl  Navk  3SSR  (  N«im  of  tte  Aoodmp  of 
aoUtmo,  USSR),  VolNo  9>  Sap  1962,  ?p  li^90-l,692« 


8o>a  problaaa  la  tk«  uaa  of  activa  aollds  lavolva  a  daei** 
bIoq  on  the  conditions  of  preparation  that  give  the .saxlauai  spe- 
ciflo'  surface.  The  last  stage  of  preparation  is  often  a  topo* 
ehemiosl  deoontposltlon  of  soae  compound  (salt  or  hydroxide,  say) 
or  a  reduction;  but  such  processes  require  high  teaperatures,  at 
which  sintering  accompanies  the  formation  of  the  new  phase.  This 
often  oauses  difficulty  in  the  preparation,  especially  for  oxides. 

i 

Radiation»ind-aced  deecaposltion  of  a  solid  compound  occurs 
at  much  lower  temperatures  assoclatsd  with 

appreciable  sintering.  This  msk.es  it  of  Interest  to  examine  the  ‘ 
radiolysis  of  salts  and  hydroxldse  for  the  preparation  of  metals 
and  oxides  as  powders. 

W«  have  used  the  hydroxides  of  Zr,  Ft,  and  Al,  as  wall  as 
nickel  oxalate,  copper  oxalate,  and  basic  copper  carbonate; 
these  were  made  in  solution  from  the  nitrates  with  ammonia  (hydr-^  ' 
oxides)  or  oxalio  acid  (oxalates),  apart  from  the  aoppsr  cn>tbo« 
nate,. which  was  the  commercial  ohemically  pure  grads.  '  The 
fourcs  was  the  slsstron  beam  from  the  linear,  aeoslerator  at  the. 
Institute  of  Physifral  Chsmintry,  Academy  of  ftoisnoes  of  the 
USSR.  The  speoimsn  (1»2  g)  was  plaoed  lu  sn  aluadnium  sell 
fitted  with  sn  external  cOelind  iaoket;  this  cell  was  elssed 
with  an  nluminiua  foil  (10  ^  Xhs  thlekasas  of  the  laysy 
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of  pewdor  oerroopottdod  roughly  to  tlit  oxtroif  roagt  of  tlio  olto*  I 
trofto*  fho  eoellng  Jookot  vm  fod  with  w«t#r  for  dooo  rotoa  tip 
to**10^  rod/«ooi  liquid  aitrogoa  waa  uao'd  iaotoad  for  doao  ratoa 
up  to«40^  rad/ooo*  fhoao  Mtaouroo  oaourod  that  tho  toaporatart 
of  tho  powdor  did  aot  oxooad  40*50*  (aa  road  hy  a  thia  ehroa^* 
aluaol  thoraeeouplf  plaeod  la  tho  aiddlo  of  tho  loyor)*  fho 
irradiatioaa  woro  porforaod  la  air  or  with  oitrogoa  flowiag  owor 
tho  apooiaoa* 

Tho  oaorgy  ahaorhod  by  tho  apooiaoa  was  aoaaurod  I^T  f^a* 
eiag  botwooa  tho  wladow  of  tht  aeoolorator  aod  th4  aaapla  a  iMai* 
tor  loalaatioa  ohaabor  hawiag  valla  of  aluaiaiua  foil  alaaat 
tranaparoat  to  oloetroaa  IXt  *  ^o  ohaabor  vsa  oalibratod  by  Pa*  , 
foroaoo  to  tho  eurroat  roaohlag  aa  olootrodo  plaood  at  tha  b^tik  . 
of  a  glaaa  ooll*  Tho  ioaisatioa  eurroat  vaSi  kopt  oaaatMit*  Hm 
dooo  rato  vaa  ealoulato'd  froa  tho  ourroat  roaohing  tho  plaatrada 
ia  tho  i^asa  eoll  (without  a  spociaoa)t  in  aoao  eaaoa  it  vaa,. 
ohookod  by  aoaaa  of  forroua  aulfato  and  eorlua  aothoda* 

Tho  Irradiatod  apoeiaona  wore  subjootod  to  kiaotio  aad  X* 
ray  aaalyaia  to  dotoraiao  ‘  tho  oxtoat  of  eonworaioa  aad  tho  pluMt 
eoapoaitioa  of 'tho  prodttota«  tao  apooifie  aurfaao  of^tho  Midf 
or  aotal  waa  dotoraiaod  froa  tho  adsorption  of  n*poBtaaot  baa* 
aoao,  or  oyolohoxaao  at  l8*t  and  also  with  kryptoa  at  ' 

‘Tablo  1 

.  Spooifio  Surf aoo  of  Solida  Poraed  by  Kadiolysia  Pyra* 
lyals  froa  laorgaaio  Compouads 


Zaltiol 

fJoapouad 


fr(OB)^ 

ro(0K)5* 

KlCgO^.aHgO 


Radiolyaia 


Coad. 


6  X  10^  rad  ZrOg 
la  air 

lALu  — .j  A 


10^°  rad 
in  air 
lOi®  rad 
in  No 


P.^03 

Ni  95% 
NIO  5% 


CuC.O.  .HH,0  5  *  lo9^rad  Cu  98% 

*  ^  in  *!*■  GttoO  21 

CuCOi..Cu(OH),  7  X  10^  rad  CuO 
^  ‘  in  air 


Gtt.O  2% 

ctlo 


*X-ray  analysis  by  JN*  Ta*  KuahaofoT  ladioatoa  that  tho 
eoapoaitioa  vaa  PoO<ZS  after  drying*^ 


oxooodiag 


All  oMpouada  shoved  apprpoiablo  doooapaaltioa  after  daaas 
ag  ICr  rad,  doeoapoaitioa  being  oxtvaalwo  for  oaaa  at  wf*- 
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r  10^^  rmi.  Bikdlolytia  at  low  towporaturoo  fawo  Mialy  tk* 
fpo«  thi  oxalataa  a van  In  air*  wbaraaa  pyrolyaia  la  air  at  59®* 
390*  glvaa  tha  exldaa*  ' 

taa  ppaoif ie  aurfaea  of  a  aatai  or  oxlda  aaAa  ^  raiioly* 
ala  waa  uaually  aueh  largar  than  that  of  ona  aada  hy  i^olyaia» 
aapaeially  for  tha  oxalataa*  iriiara  tha  ratio  of  .  tha  too  «M  10  or 
aora.  Tha  hydroxldaa  of  Zr  and  fa  gava  oxldaa  of  high  apaeiflo 
aurfaoa*  but  AlCOK)*  gava  tha  aaaa  apaelfle  oOrfaea  aa  by  pyro- 
lyalB  at  If00-if50*. 

Conolualona 

1.  Radlolyala  of  aolid  hydroxldaa*  oxalataa*  and  earbo- 
nataa  at  low  taaparat-uraa  produoaa  finaly  dlvldad  aatala  and 
oxldaa* 

2.  Matala  and  oxldaa  aada  by  radlolyala  bava  apaoifj^a 
aurfaoaa  graatly  exoaadlng  thoaa  of  tha  aaaa  aatariala  aa  aada 
by  pyrolyaia. 

''  xnatitata  .af'^dllMoiad'tiiiiiiM^tifi'' ^ 

Znatltttta  of  Phyalaal  Ohaaiatry*  6  April  19o2 

Aoadaay  of  Solaneaa  Of  tha  USSR 


V.  A.  Qordayava,  Ya.  V.  Yagorov*  Q.  M.  2h»brova,  B.  M. 
Kadanatal*  and  5.  Z.  Roginakiy.  aOKAi  ditiftiJMyLMigi 

^^6.  1364  (1961). 

P,  Ya.  Glazunov  and  T.  B.  Hadaiyavakiy.  Action  of  loa- 
Icing  Radiations  on  Inorganic  and  Organlo  Systama* 

Izd.  Akad.  Nauk  3SSR*  Moscow,  1958*  P*  395* 
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VnmTNO  AM)  IMPHZCaiATION  or  BBIOffETTSS  OP  TITAIHOM  AND  ZIBCOKIUM 
KITHIDES  BX  MOLTBN  COBALT  AND  NICKEL 
L.  V.  Beylim  and  I.  P.  Kj.8lyakov 
(Dapartinent  of  Rare-Ketal  Hetallurgy,  Krasnodar  Institute  of 

Nonferroua  Metals) 


Orfiahonilcidase ,  Izvoatlya  Vysshikh  Uchecnykh  Zavedeniy,  Tsvetnaya 
I'etallurgtya  •  (Nevig  of  ^ducaticnal  ,  Pon-furrous 

I’.ri  Eeirurgy) ,  Ho  3,  1962,  pr  129-1 3li 

OoablruLtionB  of  the  bard  and  refractory  carbldoa,  nitrides,  borides, 
and  aillcides  of  wetals  of  groups  lY,  V,  and  VI  are  of  interest  as  new 
ma-Lerials  that  nr©  hard,  heat-re eistant,  and  voar-roaistant  /I-IQ/. 

Oarbidee  of  theoe  metals  are  now  wldoly^ used  in  hard  a3.1oys,  but 
little  work  has  been  done  on  the  nltrideii  so  studlee  on  methods 

of  preparation  and  properties  are  of  considerable  interest.  In  parti- 
calar,  this  applies  to  wetting  and  ijapregnation  by  metals  of  the  iron 
group  and  aJ-so  to  sintering}  these  topics  are  considered  here  for  the 
pcvderad  nltrldoa,  nickel  and  iron  being  the  metals  used. 


The  nitrides  were  made  from  the  metals: 


or  from  the  oxides: 


Me  -f-  -j  Nj  ~  Me  N 

-r-  2  C  -f  4-  ^2  -  MeN  2  CO. 


The  metals  and  oxides  were  standard  camffierc,Lal  grades.  The  ti¬ 
tanium  powder  was  not  less  than  9^%  pure,  the  main  Impurltiea  being 
hydrogen  (aboiro  d.^%),  Ca  (>0.05?!),  and  nitrogen  (j^O.O?^).  The  zir¬ 
conium  powder  was  not  less  tlian  92^-  pure,  the  main  Impurities  being  Ca, 
0,  Si,  ard  T1  (0.3  -  0.5^  ©ach).  The  TlOj,  was  of  99.55^  purity,  the 
impurities  being  oxides  of  iron,  Bl.iloon,  and  sulfur  (0.1  -  0.25^  each) 
and  (>0.06$).  The  ZrO^  was  not  leus  than  98.85$  pure,  the  main  j 


li^uritl##  Uint  mo,  (j^0.35Jl),  c«0  (io.28jl),  no,  (io.5$),  1 

fkjOj  ®  ■  2  r 

Tht  nltrldtf  v«r«  lada  froi  tbe  Mtala  la  a  raalataM*  faWiiOT 
having  «a  altnAiai  tuba  and  a  tUita  baatar)  a  ftmiida  vitli  a  • 

tube  aa  liaatar  vaa  uaad  for  tba  oxidea.  The  nltrogan  iiaa  piapPlaa  t|r 
pasaage  ovar  heated  oc^per  turainga,  than  throng  a  tltaalini  Mid 
through  a  eoluan  oontaialag  allloai^  ahd  phoaphorua  paatoslda. 

Table  1  glvaa  the  ocMpoalMomi  alt  i^tlaa  Muiaaetafih.of  'Uia  jaaiAdota 
(the  KJehldahl  method  vaa  uaed  for  nltrogan). 

Table  1 


The  aatala  vara  altrltiNl  la  two  atagaa,  the  taafierattaa  l|^ 
ralaad  dlow:^  to  the  aiaxlwai  li  atage  (1100  and  1150^  raQMietlvflf, 
flret  hcatlaig  3.5  hr,  aa^M  10  - 15  »!«.»  tine  at  flrat  nailnMl  l.f  |ia« 
at  aecond  1  hr).  Wia  oiiiat  (niiad  vlth  lanp  black)  vara  ftit»ltad  1ft 
three  atagaa  at  1600®  for  tlnae  of  1  hr,  i  hr,  end  f  hr,  the  tine  to 
reach  the  oaxinum  temperature  beiag  1  hr.  The  mixture  vae  brdcea  up 
and  ground  after  each  heating. 


Table  2 
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r^-  1  tfwvt  thftt  m  Mta»  0m  tt  m 

tlwerttloal  eoiip«fltl<m|  tlM  pro^UM#'  ftrca  tlM  oiril<tet  -ilMpi 
■tteh  Mvbon  BO  BBttttp  im%  ^  MB|»ii|ioB  ^  tte  itfilwNi.  Hii  m 
Mrtlen  of  owteoa  eo«fiA  It  fi«M  MUt  W  ttn  MlMlI  %li 

Blsliirt  t0i3L  It  ^  ■itwtolilBiiHlrto  or  itttt  iMi  im  j 
6mt  ooBlilBtd  loM  BlttoM  iMtttt  MM  otTgia  riMf  tni*  ism  i 
it  it  not  poftlUt  to  MlBt  aitrliitt  igyyotohlnf  tte  tiMMtIdaBi  MM 
poiitioB  froB  tbo  osidot  in  tlo  proMBoo  of  otrbon. 


9Mlt  2  fiMt  pMAoM.it  BtMOMBtBtt  Mdo  aafttr  tfet 
Ite  osiiM  pnrt  aotH  mbUm  ptto  Mttt,  ot  ont  woild  m 
MiloB  MalMt  tit  pttti  of  m  pAiM  of  Bltrldt. 


MpMi^  iNr  Mm 


!ft«  poHittfl  tort  rMitrod  omvonliBt  to  taondlt  Igr  BfiMM  Mmb 
«  m  MaaUoB  of  tmw  is  twaiiso  (2  oo  por  100  g)}  tli  tmm  m» 
Mitd  ll  It  ot  8GP,  tad  «9lladttt  7.8  as  la  ditaoMi  tad  6  as  MM 
sort  pttttt&  la  a  alttl  Mt  to  pot  pMotltios  not  WittiiHlg  fp 

■sat  tittaiaa  aitMAi  Smi  g  mA'  tho  proitutt  sb|  I  'Wtii%  ^Mm 
teMPtipMdiBg  flprtt  for  MaoMKttai  aittlde  oro  1.2  g  Mn  1«.2  Vmt. 

^  The  upt'IMlii 

.  .  . '  „  SiatOTig|{  in  *  ^ 

\  fffiotiinig  1  HeoHiig  2  §!»■•  ?Mo  tit  t  ssafSo 

litridt  '  I _ - - — ■— denua  loatit  to  iaonsit 

of  sin  °C  ain  their  etriagtl  tad  nstvo 

— - — - - -  i  -  bonding  opat  (TMlt  3). 

no  500-600  45  1400  ;  60  Tehle  4  plot  tM  Haiti 

tro  »  «  1^0  i  60  of  variatioa  of  tit  p«rt* 

1 _ ! _ L--: — --4- - elty  and  at  wall 

oroa.presanw  Hg  col:  1— 2*10*'®  as  the  ooqpoaitiMW. 


litrida 

of 

- - - r.,»a 

1  Btatlag  1 

*1  Eeatj^  2 

ain 

®C 

ain 

Ti»^ 

500-600 

45 

1 

1400 

;  ^ 

trt 

M 

_ _ 

1  * 

1 

t..i. 

1450 

Lii- 

Table  4 

Prtptraticn  of  Brlguottaa  item  itltridee 


ntrlde 

Proparty 

Ti 

Zr 

^  Tl, 

1  froa  oxidi 

Porosity,  % 

42-45 

pressed 

1  33-38 

39-42 

sinttred 

8.  g.,  g/om^ 
pros&td 

31-34 

38-39 

57-39 

2. 8-3.0 

3. 2-3.3 

4.0-4.1 

sintsared 

>»  % 

3. 4-3 ‘6 

4.2-4*3 

3. 2-3. 3 

20.20 

before 

21.6  ! 

12.97  ' 

altar 

20.77 

12.45  ' 

19.02 

Poraula 

^^"0.84 

befora 

after 

^^^50  96 

Tit  proportion  of 
nitrogen  it  Itat 
tbaa  Mitorttitil, 
Btinly  at  a  ra- 
suit  of  the  rtai- 
dual  ozypn, 
thoup  tbera  amj 
have  been  a  tt»- 
denoy  for  Kftli4ie 
solid  solutions 
to  fora  aa  a  rt* 
salt  of  daooapo- 
altioB  of  tia  ai- 
tridt  under  vao- 
uua.  Both  of- 
feots  oaa  afftot 

<w«wn4 
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tlw  vetting  by  molten  meUls;  the  lirai  tends  to  lilnder  It  and  tto 
second  to  fecllltate  it,  for  oxides  are  usijally  less  readily  wetted  ! 


impregnating  briquettesj 
l)  drop  of  metal,  2) 
speelaen,  3)  molybdenum 
screen,  4)  laolybdenuffl 
heater,  5)  AI2O3  support. 


The  ^jeolaena  vere  teated  ti»  . 
vetting  and  lapregDttlon  vitb  idflieal. 
and  cobalt  in  the  furnace  vlili  tlia 
molybdenum  heater,  the  reeldoml  i»«s« 
sure  being  1*2  <;<.  Hg.  A  iMn  preased 
di  sc  of  the  powdered  metal  was  plaotd 
on  top  of  the  specimen,  whidi  rea^ 
on  an  alumina  plate.  The  teapeimttam* 
was  measured  (vl^  an  c^tical  pyre- 
meter)  and  the  metal  vaa  obairved  via 
glass  bulb,  ^re  being  h^ee  in 
the  heater  ar^  screen  for  thl#  pttf|)oae 
{Hg.  1).  This  gave  tlw  te^>erat^ 
of  the  drop  of  metal  to  i  20*^1  ttie 
correcolon  for  absorption  In  tit  glaga 
was  taken  as  50^.  The  cobalt  ponder 
bad  the  following  cony^osltion  (jil)t 


99.5  Co,  0.22  Nl,  0.10  0.01  0,  0.06  Fe,  0.Q4  Si,  and  0.07  waterp  the 

nlckelj  99.56  Ri,  0.07  Co,  0.10  0,  0.01  C,  O.O56  Pe,  O.Q4  Si, 0.016 C; 0,14 
water.  The  specimens  were  brought  up  to  temperature  over  m  pc>d.od  of 
45  min  and  were  kept  at  temperature  for  30  min;  Table  5  gives  tlw  re- 
aults,  including  the  mean  contact  angles.  Figure  2  shows  the  micro- 
structure  of  impregnated  titanium  nitride. 


Table  5 


» 


Impregtistion  Teats 


Co 

1 . _ _  __ 

[  Poroeily,  % 

Angle, 

dag 

r-' 

Porosity,  % 

Angle, 

deg 

before  j 

after 

before  j 

after 

TiN  from 

metal 

1490 

32 

7.9 

28 

1450 

34 

20 

36.5 

1560 

31 

8.4 

- 

1520 

34 

3.7 

m 

1640 

33 

4*4 

- 

16CC 

33 

9.8 

•• 

TiN  from 

oxide 

1490 

37 

37 

1450 

37 

37 

me 

1560 

3d 

3a 

69.5 

1520 

37 

37 

47.5 

1640 

37 

37 

- 

1600 

37 

37 

- 

J 

12 


1560 

1640 


2rN  froa  metal 


38 

38 

- 

1450 

3d 

38 

- 

- 

56 

1520 

39 

39  . 

22.5 

- 

- 

28 

1600 

39 

39 

0m 

^vailfible  PhotOKratii 
not  suitable  for 

reproduction7 


K 

O 

♦fH 

o 


It  vas  not  always  possi¬ 
ble  to  measure  the  oontaot 
angle  at  the  highest  tempera¬ 
tures  on  aooount  of  pronounced 
bubbling  of  the  metal.  The 
values  given  are  only  approxi¬ 
mate,  on  account  of  the  small 
number  of  measurements  and  the 
porosity.  However,  the  im¬ 
pregnation  is  reasonably  com¬ 
plete,  and  the  angles  are  less 
than  90°,  so  wetting  does 
occur. 

The  metals  give  nitrides 
of  more  nearly  stoichiometric 
composition,  but  the  nitrogen 
content  is  still  too  low.  Ex¬ 
tended  nitriding  gives  no  im¬ 
provement,  and  sometimes  even 
the  reverse,  probably  because 
come  of  the  nitrogen  is  re¬ 
placed  by  oxygen  that  leaks 
into  the  furnace.  The  loss 
of  nitrogen  is  especially  pro¬ 
minent  during  vacuum  sintering, 
because  a  solid  eolation  is 
formed.  The  incomplete  wet¬ 
ting  is  aficocieted  with  the 
residual  oxygen,  for  oxides 
are  less  readily  wetted.  Ad¬ 
sorbed  gases  also  prevent  the 
mol  ton  motal  from  p^^netrating 
into  all  the  pores. 

The  cobalt  began  to  melt 
at  1490  t  ?.C°,  and  the  nickel 
at  1450  1  20^;  melting  al¬ 
ways  started  at  the  contact 
with  the  cpecimen  /I/*  The 
metal  usually  began  to  wet  ‘ 
the  sample  somewhat  after  it 
had  melted  completely}  the 
contact  angle  fell  gradually 1 


r^oP!  90°  to  the  value  given  la  Table  5,  thereafter  reaainljag  conetantTl 
The  alze  of  the  drop  deoreased  when  the  metal  ingjrogaated  the  eeaple,  ' 
but  the  shape  remained  the  same. 

Complete  Impiv^tlon  vae  attained  only  for  titanium  nitride  made 
from  the  metal#  the  finely  divided  oarbon  and  residual  oxide  hindered 
the  Impregnation  of  materials  derived  from  oxides#  *«d  the  very  aean 
grains  also  tended  to  interrupt  the  capillary  ohaxmels. 

Tho  impregnation  was  hindered  by  external  factors#  not  by  lack  of 
wetting,  for  a  thin  film  of  metal  remained  adhering  to  tho  surface  of 
the  specimen  after  cooling j  this  film  was  formed  by  the  flowing  away 
of  the  metal,  and  it  would  not  be  present  if  the  material  were  not 
wetted. 

The  Impregnated  titanium  nitride  contained  two  very  different 
phases,  namely  rounded  and  prominent  grains  of  nitride  (in  places  inter- 
grown  with  loss  of  boundariee)  and  an  extensive  uniform  network  of  metal 
between  the  grains.  The  pseudobinary  combination  of  nitride  with  co¬ 
balt  (or  nickel)  may  be  of  euteotie  type,  as  a  result  of  limited  solu¬ 
bility  of  the  nitride  in  the  metal.  The  reduction  in  the  melting 
point  of  the  metal  at  the  contact  with  the  grains  also  indicates  that 
the  product  is  a  eutectic.  The  solubility  of  the  nitride  in  the  me¬ 
tal  is  also  confirmed  indirectly  by  the  very  much  enlarged  grains  of 
nitride  (relative  to  the  inltal  grain  size);  thia  points  to  recrystal¬ 
lization  via  the  liquid  state,  which  would  be  impocoible  unless  the  ni¬ 
tride  dissolves  in  the  liquid  but  has  a  limited  solubility  in  the  solid 
state.  The  ratio  of  the  volumes  of  the  two  phases  as  seen  on  the 
photomicrographs  corresponds  roughly  with  the  residual  porosity  as  cal¬ 
culated  from  the  volume  and  weight  of  the  impregnated  specimen. 


1. 


2. 


3  • 


4. 


Titanium  rritrlde  is  wetted  by  cobalt  and  mckel;  x-he  oontaot 
angles  ore  much  lees  than  90°. 

Porous  briquettes  pressed  from  titanium  nitride  oan  be  impreg¬ 
nated  by  raolttn  metals;  the  purity  and  grain  size  are  the 
controlling  factors, 

Ti-c.anlum  nitride  made  from  the  high-porlty  metal  can  be  impreg- 
mted  reasonably  completely  by  cobalt  and  nickel;  the  oxide 
gives  a  product  that  is  wetted  but  not  jjnpregnated,  which  is 
attributed  to  contamination  with  free  oarbon  and  to  the  small 
grain  size. 

Zirconium  nitride  made  from  tho  metal  is  wetted  by  cobalt  and 
ni.okel,  but  it  was  not  impregnated  under  the  conditions  used. 
Tho  reaoofi  is  considered  to  be  as  above;  some  resldua.1  oxygen  I 
may  also  have  an  effect.  ‘ 


SoM  tuppoBltlons  art  aada  aa  to  psaudoblaary  ocoiblfiitloiM  of 
tltanlua  nitride  with  nlekal  and  oobalt,  vbioh  a|)paar  to  ba  * 
eutaotlo,  the  altrlda  balng  of  Halted  aolublllt^  in  the  aatal 
In  the  solid  and  liquid  Btatas. 


Received  June  19>  1961. 
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CAUSES  OF  LAKINaTIOK  CHACK3  IN  PHESSINCS  MADS  OF  METAL  P0WDEH3*  ! 

A.  N.  Nikelayov  ,  ! 

N080CW,  liveatiya  Vyashikh  Uchftbnyleh  Zavadwtiy,  OyrRayit  kwtij!ltygi3r« 

(News  of'  ’KlEhcr  J^ijoationiil  "iSiatitutlons,  Ferroua  Matallurgy,  ko  2, 
19/52,  Fp  101-103. 


The 

follows . 


formation  of 
Expansion  in 


F;l^,  1.  Formotion 
of  cracks  /i/ . 


these  craoks  ia  usually  represented  am 
the  section  n-a  (Pig,  1)  during  ejeotlsa. 
caueea  craeks  to  appear  /X7i  the  extent 
of  the  elastic  aftereffect  at  right  ang^ 
les  to  the  prcsning  dlrocticn  is  0.15-  • 
0»50?c  for  the  best  types  of  industrial 
powders  and  may  be  as  much  an  1%  for  pow¬ 
ders  of  poor  quality  /U  *  The  elastic 
stretching  of  the  cylindrical,  steel  die 
is  usually  neglected,  but  ones  having 
ratios  of  outside  to  inside  diamotera  of 
1.4-3.C  give  expansions  of  0,039  to 
0,6?6?i.  in  r^oponse  to  pressuroa  of' 500 
to  4000  kg/cm^,  ao  the  effect  cannot  be 
neKlocted.  Thfi  following  obsorvationa 
illu.3trs.to  thin. 


f 


1,  Cylinders  10,25-10.65  .mm  high  were  pressed  from  grade, 
4M  iron  powder  at  a  fixed  pressure  of  4  t/cm^  the  diet  ha- 

vih,j  nn  i diameter  of  T^^O.^  mjr!  and  an  externol  ono  of  40 
tc  lOC  vun.  -.11  syaclm-enp  frotr  the  10  mio  die  showed  cracka  (Fig, 
2), 

.2,  Brush  in.s.'jrrtG  of  trol.ley buses  have  b?en  observed  to 
h!3.v'A  l.-vninatcd  crbc’io  after  pressing;  similar  cracks  arc  found 
wha;:  .apaciffi'^.r.s  $  niw  high  were  presaec  iu  the  nrvne  die  (internal 
hole  60  m'l  long,  £C  am  rido)*.  T.heae  cr.ack5  occur  along  the  *j 
speclnitcas  on  the  aldce  (Fig.  3)  at  the  point  where  the  die  was 


*  Pr'?«<?ingB  r/iade  ty  b'<  T<,  Lctcvlch. 
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maxiroally  deformed.  All  oracks  were  curved.  The  elastic  af- 


Fig.  2.  Layered  cracks  in  cylinders  of  iron  powder, 
tereffect  cannot  explain  cracks  of  this  shape  and  position. 


3  a  Two  dies  were  made 
was  enclosed  in  a  shroud  made 


^▼ailaKL*  photograph 
not  aultahia  for 
reproduction^ 


Fig,  3.  Layered  cracks 
on  a  rectangular  specimen. 


of  gray  cast  iron;  one  of  these 
f  St,  3  steel  in  the  hot  state. 
These  dies  v/ere  used  with  AM 
powders  to  press  cylinders  of 
various  heights  at  a  fixed 
pressure  of  4  t/crn^.  All  spe¬ 
cimens  from  the  unsupported  die 
showed  cracks  (Fig.  La) .  but  on¬ 
ly  the  highest  ones  from  the 
s'.ipported  die  (Fig,  i^b) . 

These  observations  show 
that  elastic  stretching  of  the 
die  is  one  of  the  main  causes 
of  cracking;  the  die  expands 
during  the  pressing  but  con¬ 
tracts  whftn  the  pressure  is  re¬ 
leased.  This  contraction  is 
opposed  by  the  friction  between 
specimen  and  die,  and  also  by 
the  resistance  of  the  specimen. 

The  clastic  deforitration 


may  vanish  os  soon  no  the  preesure  is  removed,  before  the  speci¬ 
men  is  objected,  or  during  the  eji^ction;  the  specimen  simultane¬ 
ously  expands  (clastic  aftereffect).  The  condition  for  the 
specimen  to  be  free  from  cracks  may  ce  put  as 

fc.(5/n  +  e»  ^ 
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la.  whloh  €  it  th«  <3la«tlc  d«fonuitloa  ot  th*  plung«r»  d  it  th« 
diameter  or  other  dimanaloa  of  the  die  parpandloular  to  the 
praaslng  dlreotlohf  a  la  tha  total  wall  thieknaaa  of  the  apael- 
man  In  tha  diraotion  of  d|  V  la  tha  ralativa  daformation  of  tha 
apaciman  aa  a'raault  of  alaatle  axpanaion,  and  f  la  tha  par** 
mlaaabla  deformation  of  tha  apaclman*  Tbia  S la  dapandant  on 
tha  mode  of  daformatlon  aa  wall  aa  on  tha  propartlaa  of  tha 
material)  tha  S  for  hydrostatic  oompraaaion  is  larger  than 
that  for  compraaalon  in  a  plana  or  along  a  line.  7ha  mors 
nearly  tha  etraaa  dietribution  la  to  linaari  the  amallar 


/JlaiiUida  pho^ofMph  net 
MdtaUla  for  raproihiotlajy 


Fig*  4*  Spaolmana  of  iron  powder  prassad  in 
■  cast-iron  dleat  a)  without  shroud)  b)  with 
shroud. 

The  above  axplaaatlon  of  the  cracks  appears  to  agraa 
cloaaly  with  praotleal  obaarvatlona*  Elastic  atratohlng  of 
tha  die  and  tha  alaatle  aftaraffact  In  tha  apaciman  are  the 
wain  oauaca  of  oraoking*.  Stronger  dlaa  provide  an  affaotiva 
means  of  minimising  cracking  In  powdarad-matal  spaolmana*  for 
thay  abow  laaa  alaatle  deformation* 

1*  Yu.  M«  Bal'abln*  Powder  Metallurgy*  Katallurgizdat* 

1948. 

2.  1*  M.  Belyayev*  Baaletanoa  of  Matariala.  Oes*  led* 

Tekh**Taor*  Lit**  19!?1* 

3*  0.  I*  ikaenov  and  A*  K.  Nikolaya*  Transaotlons  of  tha 

Fourth  All-tJnion  Ooaftranoa  on  Powder  Metallurgy:  Qal- 
culation  of  Llaa  Uaed  to  Preas  Metal  Powders*  KTO 
Haahpron*  Taroal|i*j(L*  1956* 

4.  s.  I.  Ouhin.  Thaory  of  Preaaura-Worklng  of  Matala* 
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PRSSSINd  or  MKTAL  POWDERS 
3*  Ya«  Plotkln  and  9*  V«  Samaonsv 


MOMCW;,  VvriKdk  (Herald  cf  ^acfh'm*  9aildii)g) 

Ho  5,  Kay  pp  -  -  - 


Bal'shin  /37«  Undkcl  and  othtra  havt  fflada  fund*- 

Mtttal  •tudi«8  on  the  presaing  of  aetal  powders «  but  som 
aapaeta  of  oecaidtrable  iaportanoe  In  practical  powder 
Mtallurgy  have  been  neglected.  These  include  the  effects 

T.bl.  1  ““ 


Preasure,  t/en^ 

Tins, 

•In 

2 

4 

‘  1 

Briqusttes  from 

.  - 

P* 

61 

P 

• 

P 

a 

Iron 

0 

4.30 

4.10 

4.90 

5.65 

5.32 

0.5 

4.35 

4.06 

5.08 

4.92 

5.75 

5.63 

i.5 

4.3? 

4.0$ 

5.25 

5.10 

6,00 

5.68 

3 

4.4 

5.35 

5.39 

4.88  1 

6.74 

5.83 

Tungsten 

0 

8.55 

9.95 

10.40 

11.00 

11.00 

11%80 

0.5 

3.70 ! 

9.80 

10.60 

11.20 

11.21 

11.80 

1.5 

8.84 

9.95 

10.25 

11.50 

11.50 

12.40 

5 

9.03 

9.76 

11.31 

10.40 

11.52 

14.20 

under  preen ure 
on  the  density « 
elastic  after» 
effects,  effeots 
of  repeated 
pressing,  and 
the  distribution 
of  the  forces 
during  pressing. 

Tifs.  Iron 
potrder  (poured 
deneity  2.06 
g/ca*)  was  pre¬ 
pared  by  reduc¬ 
tion  frost  roll¬ 
ing  scale  as  was 
sieved  (OR^B 
sieve) ;  tung¬ 
sten  powder 
(3»28  g/cmi)  of 
mean  grain  size 


.[11 


•p  «  pressing,  e  a  sintering. 

4*2  p  was  also  used.  The  powders  were  pressed  in  a  cylindrical 
steal  die  at  2,  4,  or  6  t/cm^,  ths  density  bsiag  asssurtd  as  a  | 
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r***  * 

function  of  pronaing  tine  (tlaaa  of  0«5>»  1t  1*5$  and  9  ala 
uaa4)*  Tha  Iron  aaaplao  woro  alnterad  la  hydrogan  at  1000* 
1150^  and  thoaa  of  tunipitan  at  2100**,  in  both  caeaa  for  1  hr* 
Tabla  1  glvaa  tha  danaltlao  in  8/e«3« 


Tha  danalty  of  an  iron  apaoivan  ganarally  laeraaaaa  tflth 
the  praaolng  tlaot  tha  inoraaaa  ItcaXf  tandlng  to  riaa  with  tha 
praasura*  This  la  a  raa«^t  of  Iltuldatlon  of  tha  atata  af 
stress  (distribution  of  the  atraas  throughout  tha  voluaa)*  tha 
loss  of  density  on  slataring  Indicstaa  that  tha  intarcal  atraaaoa 
are  tharaby  rallavad*  Oh  tha  other  hand,  tha  tungataa  apaaittaiui 
baenaa  danaar  on  aintarlng,  which  aay  <*aan  that  tha  foroaa 
resulting  froa  alntaring  subetantially  axeaed  thoaa  6t  the 
straasas,  which  is  asaociatad  with  the  hij^  volatility  and  .ready 
reduction  of  tungsten  oxides,  so  sintering  is  aotlvt.ted* 


Elaatio  hftyaffact*  Hare  the  dlaanslons  of  tha  apaei* 
aana  were  aaaau red  undar  press ura  and  after  praosing  (a  steal 
die  12.5  •«  in  diaaatar  was  used)  for  tungsten,  tunEftan  car¬ 
bide,  iron,  copper,  and  aluainiua.  Sach  powder  was  uead  in 
three  different  grain  sisae  (Table  2).  Figure  1  shows  tha 

Table  2  reaulta.  Tha  large 

end  nadiuia  fraotloha 
showed  lass  affect { 
the  naxiiDun  affect 
with  iVC  moved  to  lower 
pressures  as  the  grain 
sise  was  radueed,  which 
i«  evidently  a  result 
of  brittle  fraetura  of 
the  particles .  Thera 
is  a  fairly  pronounced 
trend  in  the  effect  with  Fo,  Cu,  and  Al|  there  is  also  an  in¬ 
crease  with  the  hardness  of  the  powder,  as  hae  been  observed 
nreviouely  /1/,  but  this  sxtends  only  up  to  e  certain  preasure, 

past  which  point  there  is  a 
fall,  which  is  caused  by 
brittle  fracture  and  harden¬ 
ing  in  the  grains.  The 
effect  also  verles  with 
time;  for  example,  copper 
specimens  left  in  a  non- 
oxldinlng  atmosphere  for  a 
week  after  pressing  in- 
Rx'eased  in  disiaeter  by 
C.l4-*0.3^%  and  in  length 
by  G.36-0.48?«» 


Powder 

3ep. 

method 

#x*aaHon,  v. 

Large 

Med. 

Small 

V/ 

SediiB. 

1f6 

1.5 

0.7 

me 

1, 

2.0 

1.5 

0.7 

Cu 

Sieve 

75-65 

42-75 

ic  1,2 

Fa 

It 

105-150 

42-85 

42 

A1 

•’  1 

id-30 

65-105 

42 

L! 


Fig.  1.  delation  of  elastic 
aftereffect  to  pressure. 


Effects  of  Repeated 
Pre»8in,c.  7he  powdere 


b- 


— '  -wl 

4«tail^td  in  Tabl*  3  w«r«  ua«d  b9r«  In  a  steel  die  12  um  la  dia*  | 
Mter)  after  prtaslnfi  the  apeolBens  were  ground  up*  aiered, 
aad  pressed  again.  Table  4  gives  the  results.  The  denaltf 
of  eept>er  powder  in  all  three  foma  iaereased  steadily  trem 

pressing  I  to  pressing  III,  provided 
Table  3  pressure  used  in  pressing 

I  I  ^  .  I  III  was  equal  to  or  greater  than 

1  Oraia  content  ^  j  u,  m 

aiie,  p  ^iu  1  V  was  (say)  4  t/ca2  whereas  1  and  II 

'  -  -  ■  - -  were  8  tAs^i  the  reverse  ooeurrsd. 

V2  -  1  The  effects  of  repeated  trsatasnt  on 

42-25  -  1.5  the  much  harasr  aetal  tungsten  were 

25-i8  -  2.65  very  auoh  lass,  though  the  tread  in 

18-15  -  17»35  the  density  of  the  pressed  speeiHOM 

150-105  0.15  18.9  wM  as  for  iron  powder  (pronounoad 

105-85  1.3  34.1  fall  if  pressure  III  was  below 

85-75  I'S  8.25  pressures  I  and  IX).  This  method 

75  97.05  16.15  enables  one  to  produce  the  most 

‘  »  -  -  favorable  distribution  of  partiole 

Note.  Poured  and  tamped  aiaes  and  can  be  used  to  increase 
densities  1.63  and  2.33  the  density  of  the  preased  naterials. 

<Cu),  and  4.52  and  6.?4  Force  Distribution.  Unckel 

()*)  *  has  used  the  die  shown  in  fig.  2 

to  measure  the  forces  In  pressing} 
between  the  guide  and  the  lower  support  there  ie  a  ring  of 
ooppet  or  soft  iron,  which  is  indented  by  four  steel  balls 
held  in  recesses.  A  similar  diso  supported  by  three  balls _ 


I  Grain 

content 

iaiie,  p 

- ^ 

42 

•» 

1 

42-25 

1.5 

25-18 

- 

2.65 

18-15  1 

• 

17.35 

150-105 

0.15 

18.9 

105-85 

1.3 

34.1 

85-75 

1.5 

8.25 

75 

97.05 

16.15 

Note.  Poured  and  tamped 
densities  1.63  and  2.33 
<Cu),  and  4.52  and  6.?4 
(W). 


Pig.  2.  Unckel ’8  die  for  deter¬ 
mining  the  etbeaa  distribution  in 
pressing:  1)  plunger;  2)  guide; 
3)  support  for  powder;  4)  balls; 

5)  ring  support  under  guide; 

6)  steel  balls;  7)  base  of  die. 


records  the  fores  aoting  directly  on  the  powder;  the  differ¬ 
ence  represents  the  frictional  force  N  between  the  powder  and 
the  wall  of  the  die.-  The  indents  are  used  to  deduce  the  forces 
as  follows:  K  is  given  by 

N  -  V Vw  ’ 

in  which  u  is  the  coefficient  of  friction,  is  the  lateral 
pressure,  and  P„  is  the  area  of  contact  with  the  wall.  Now 
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Table 


Py,  iM  by 


in  whioh  I  *  V(1  -  '))  ud  i«  Poi«soB*a  ratio,  9  baiaf  tilt 
prttturt  applitd  tt  tha  pluaftri  1  it  not  afftettd  by  tbt 
porotity*  nita  tt  havt  that  ■  kfuB/D  for  tha  ^afafbiaa 
of  tha  praaaiat  farea  Xp  iaat  by  matioa.  Thia  iaaraaata 
with  R,  and  ao  daoraaaal  aa  Np  la  laeraaaad,  aa  Iteakal  haa 
aha«m4  hit  raXuat  for  tha  ratio  for  iron  powdar  biiag  70ti  at 
2t/oac,  60X  at  4,  5dX  at  12,  and  94K  at  i8.  A  Ittbriaaat 
Bixad  with  tha  powdar  raduoaa  tha  ratio  (to  k^%  at  12  and 
l8  t/ea^  la  Raekal't  oaaa), 

Ida  haaa  uaad  tha  aaaa  aathad,  bat  with  apaaial  attMtiaa 
to  iubrleatioa  of  tha  walla  aa  a  aaaaa  of  raduolag  tha  frio«> 
tlaa.  Tha  powdara  war#  of  Ou,  Fa,  and  W,  whioh  Art  aatala 
that  diffar  graatly  in  plaatioity.  Tha  Gu  powdar  waa  by 
radnoiag  eoppar  oxida  with  hydrogan  (grain  aiaa  2*9  p,  patirai 
daaaity  1 *46  g/eaF) |  tha  Fa,  by  raduotion  of  aaala  with 
hydyogan  (2-9  P,  2.0  g/ea3)|  and.  tha  W,  by  raduatlM  at 
tungatio  aahydrlda  (9*6  p  4.22  g/ea3)»  fha  lubrieaat  waa  a 
4X  aolttUoa  of  paraffin  wax  in  baaaiaa  (150  ce  par  100  g  of 
powdar).  Tha  powdara  wara  praaaad  without  lubriaant,  with 
tha  wall  and  ando  lubrioatod,  and  with  lubricant  inaorporatad 
in  tha  powdar;  tha  praaauraa  raagod  frou  0.4  to  2 •5  Vaa2. 
Tabla  9  giaaa  tha  raaulta,  which  indioata  a  typo  of  aariatiaa 
ratbar  diffarant  froa  that  raportad  by  Unekal;  tha  raaaan  ia 
that  ha  uaad  auoh  hiidia'  praaauraa. 

Tha  proportion  of  tha  foroa  loot  by  friction  tanda  to 
ineraaaa  with  tha  praaaura  if  tha  dia  la  unlubrleatad,  but 
it  daoraaaaa  if  dia  or  powdar  eontaino  lubricant.  Tha  firat 
of fact  nay  ba  oauaad  by  aaiaura  and  tha  aaoond  by  laakaga, 
which  tanda  to  ineraaaa  with  praaaura.  Unekal  did  not  ob- 
aarra  aaiaura,  for  tha  praaauraa  ha  uaad  ware  too  high  for 
tha  foroa  to  ba  inportant.  Iron  powdar  hare  gieao  a  pro- 
nounead  affaet,  which  ia  greater  than  that  for  tha  Cu-Fo 
pain  tha  lubricant  hare  daeraaaaa  tha  proportion  loot  but 
doaa  not  affect  tha  trend  of  tha  proportion  with  proooura. 

Tha  eurra  for  P^f(F)/(Pi  ♦  Py),  in  which  P  io  tha 
proooura  applied,  haa  a  naxinun  for  tungeton  powder  whan  tho 
is  ittbriontad  but  daoraaoaa  aa  P  Ineroaaao  if  tho  powder 
oontoina  lubrieant,  ao  for  iron.  Tha  raaoon  la  that  low 
prtoauroa  are  inouffloient  to  owareona  tho  oalouro  of  tho 
Mwdtr  with  tha  wall  of  tha  dia,  aopooially  whan  there  io  no  » 
lubricant.  A  lubricant  within  *:ho  powdar  tanda  to  aupppoM 
aoisurt  altogathar,  booauao  tha  Ihbriaant  tanda  to  bo  oxtruMd 
along  tha  wall  aa  tha  praaaura  ineraaaaa. 


T«bl«  9 


■•thod 


Id 

1 

> 

m 

• 

\ 

♦ 

1 

s 

Hi 

w 

% 

Ai 

• 

Wall  of 


Xu  po«rd 


616 

1275 

1645 

2240 


39*2 

29.2 

25.0 

48.6 

36.8 

23.1 

17.2 

47.3 

39.4 

24.4 

15.6 


17.0 

33.5 

42.0 


16.6 

31.2 

39.3 

m 

15.8 

29.6 

38.7 


2.94 

9.94 
9.60 
2.6 


Mali,  of 


0.4  412 

1.1  1149 

1.6  1763 

1.9  2297 

2.3  3290 

0.4 

0.9 

1.4 

1.7 

2.1 
0.9 
1.1 

,1.4  .  . 

i  1.6  I  1624 


52.7 

45.9 

41.1 

33.8 

31.7 

91.7 

41.3 

39.2 

32.9 

29.9 

90.1 

41.4 

36.2 


29.2 

38.2 
46.3 
90.1 


21.2 

30.3 

46.3 
71.9 

18.1 

26.7 


92.2  I  31.8  I  34.6 


3.02 

4.01 

9.9 

0.99 

4.07 

4.4 


m  foroo  on  oator,  h  •  •• 

(Coat,  ovor) 


Table  5  (Gont.) 


Lub, 

method 

M 

ff 

< 

>s 

s 

• 

k 

0  . 

Us 

.• 

% 

4) 

CU 

X 

i 

M 

1 

> 

M 

•0 

Oi 

♦ 

f* 

u* 

None 

o.r- 

me 

Vi 

723 

58.2 

47.1 

0,83 

tf 

1 

997 

1193 

45.5 

46.9 

0.83 

fl 

1.5# 

1870 

1940 

49.5 

46.9 

0.83 

M 

2.5 

3010 

1990 

60.0 

40.0 

m 

2.34 

Wall  of 
die 

0.5 

495 

565 

46.5 

43.0 

0.28 

<1 

1.1 

975 

1178 

44.5 

47.0 

0.2S 

ft 

1.4 

1535 

1550 

40.5 

46.8 

0.28 

tt  1 

1.6 

1610 

171c 

48.5 

43.0 

0.38 

In  powd. 

0.6 

447 

660 

39.4 

51.0 

0.28 

ft 

1.2 

1010 

1340 

43.0 

49.5 

0.38 

»» 

1.? 

12fc0 

2120 

37.7 

47.5 

- 

0.48 

tl  1 

1 

1.9 

1612 

2240 

47.0 

44.0 

0.51 

'•  I 

j 

2.3  i 

2500 

2142 

53.6  1 

38.6 

- 

0.63 

The  residual  poroaitj^  falls  eteedily  as  P  increases,  the 
fall  being  moat  rapid  for  copper,  as  one  would  expect  (by  about 
a  factor  2  for  uniubricated  powder  and  by  a  factor  3  for 
lubricated).  The  effect  in  less  for  IrcJi  (factors  cf  1,5  and 
2  ."et;pectively)  and  least  for  tungsten  (1«2  and  1»5). 

The  hardness  and  yielci  point  <r  in  compression  both  in¬ 
crease  with  T'i  the  lubricant  reduces  er  for  Cu  and  W  but  hae 
li-tle  effect  for  Fe,  which  may  be  a  reault  of  differences  in 
the  interaction  between  the  lubricant  and  the  powder  (the 
lubricant  is  active  with  respect  to  Iron  but  inert  for  Cu  and 
W,  where  its  presence  eracles  t’.  '■articles  to  slide  over  one 
another).  The  low  ctrength  of  tungsten  specimens  occors 
because  the  pressures  were  too  low  for  use  with  this  hard 
material • 


The  conclusions  to  be  draien  are  as  follows. 

The  density  increases  with  the  pressiiit,  time;  the  Intsr- 
I  nal  stresses  are  thereby  reduced.  The  elastic  aftereffect  la  | 
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-  . 

tht  mort  pliittie  mttala  etntrally  d«or»aa«8  ae  tha  graim  I 

Incraaaaat  t<ith  brlttla  matariala  of  carblda  typa*  it  la* 
eraaaaa  only  up  to  praaouras  laaufflelant  to  oauaa  brittXa 
fraotura* 

Rapaatad  praaslng  and  powdarlng  provldaa  a  aubatantial 
Ineraaaa  In  tha  danalty  of  tha  praaaad  produeta  without  any 
grant  incraaaaa  in  tha  intarnaX  atraas  und  alaatio  aftaraffaet. 

Tha  dlatributlon  of  foroaa  In  tha  praaaing  of  powdara  la 
vary  nueh  dapandant  on  tha  aaiaura  batwaan  tha  dia  and  tha 
povtdari  aapaelally  for  low  praaauraa  and  low  rataa  of  praaaiaf* 


1.  ftt*  M*  Bal'ahin.  Powdar  MataXlurgy*  Matallurgiidati 
1948. 

2.  H.  Unckal.  Arch.  EiaanhuttanwaaaOf  l8,  l6l  (1945)« 

3.  a.  V.  Haaaonov  and  S.  Ya.  Plotkin.  Production  of  Iron 
Powdar.  Matallurglndat *  1957)  p*  137. 
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